Microstructures of the coatings and single deposited splats formed by advanced thermal spray processes have been investigated using two types of ion beam milling: one is broad argon ion beam for the cross-sectioning of thermal sprayed coatings in a cross section polisher and the other is focused gallium ion beam (FIB) for the cross-sectioning and transmission electron microscopy (TEM) sample preparation of single splats. The cross section of tungsten carbide cobalt (WC-Co) coatings fabricated by the polisher showed that it created a mirrored surface with minimized artifacts such as pull-outs of ceramic particles or smearing of pores which can be made by conventional metallographic preparations. A thin and locally re-thinned membrane of single nickel (Ni) splat was prepared by the FIB technique to observe the internal interface of particle/substrate in high resolution atomic scale images. It was found that the steel substrate was heavily deformed by the impact of a nickel particle with high kinetic and thermal energies. At the periphery region, the particle and the substrate were intimately bonded without any voids or gaps. 
Schematic illustration of the principle of the cross section polisher (a), an as-sprayed sample put on a sample holder (b) and in a CP (c). Before argon ion beam milling, the molybdenum mask is put on the sample. 
Schematic illustration of a typical FIB system (a), an as-sprayed sample of 5×5×5 mm size put on a sample holder for FIB milling (b) and magniˆed image of copper grid part (c). Copper tape was used toˆx the as-sprayed sample on the holder. After FIB milling, a thin membrane from the sample is put on a copper grid. Fig. 3 A series of FIB lift-out technique for TEM sample preparation: (a) tungsten deposition on a small area of 20×5 mm at nickel particle deposited on steel substrate, (b) making gradual trenches near the tungsten deposited area, (c) 45°t ilting of the specimen and bottom cutting, (d) lifting-out of the specimen after a manipulator was connected on the specimen by tungsten deposition and the remained left-side of panel (c) was cut, (e) putting the specimen on a copper grid and cutting the bridge of manipulator and specimen, and (f) after additional milling and cleaning on the copper grid a TEM sample with an electron transparent area of about 7 mm in length was made (see Fig. 5 ). Table 1 The used gallium ion beam voltage and current for FIB milling and thinning.
Step Note that the side bright regions in darkˆeld mode were made by thick sample thickness and the center bright ones were made by high atomic number of tungsten which was deposited to protect the sample from gallium ion during the FIB fabrication. In this sample, the electron transparent region for TEM observation was approximately 7 mm to avoid bending of sample. 
